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ABSTRACT  
Purpose: To evaluate the changes in the accommodative response and in the corneal and 
internal spherical aberration during three months of wear of orthokeratology lenses from 
the baseline.  
Methods: Fifty children aged 8 to 17 were recruited for a prospective study and were 
fitted with orthokeratology lenses. Refraction without cycloplegia, high and low 
uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA), accommodation 
lag, horizontal near phoria without correction, corneal topography, corneal and total 
wavefront aberration were performed at baseline, 1 day, 1 week, 1 month and 3 months. 
Data were analysed by Student t-test for related samples, repeated measures ANOVA test 
and Pearson Correlation test.   
Results: The spherical equivalent (SE) before and after three months was -3.33 ± 1.60 D 
and -0.30±0.46 D, respectively. Accommodation lag was 0.53±0.38 D and 0.20±0.33 D 
at baseline and at three months, respectively. A moderate correlation between lag at the 
baseline and its change between baseline and the 3-month visit was found (P<0.05; R= 
0.748). The spherical aberration (SA) increased for anterior corneal and total 
measurement, being statistically significant for all visits (P<0.05). The internal SA 
decreased: -0.105±0.006 at baseline and -0.196±0.203 at 1 week (P< 0.05). No difference 
between baseline and the follow up visits in posterior corneal SA was found (P>0.05) 
Conclusion: The negative SA of the lens increases during OK treatment compensated for 
the increase of the anterior corneal surface positive SA, in addition to increasing the 
accommodative response.  
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INTRODUCTION 
Myopia is the most common refractive error among adolescents and young adults around 
the world [1-3]. The prevalence of myopia has increased in recent years and will continue 
to increase in the future [4, 5]. It is estimated that by 2050, 50% of the world population 
will be myopic, affecting six billion people, of which almost one billion will have high 
myopia [4]. Several studies have shown that a higher degree of myopia corresponds to a 
higher risk of complications, and this risk increases exponentially if -6 D (high myopia) 
are exceeded [3, 6, 7]. 
Many epidemiological studies have found that myopia develops primarily in an eye that 
is excessively elongated axially [8]. The mechanism and the reasons why myopia 
increases is as yet unknown [9, 10]. Several influencing factors have been identified 
which influence myopia progression: genetic predisposition [9, 11-13] and environment 
factors and lifestyle, such as spending little time outdoors and/or too much time spent 
indoors using near vision [14-16]. However, other studies [17] allude to an inadequate 
near accommodative response [17-22], high AC/A [23, 24], esophoria and peripheral 
hyperopic defocus as being risk factors in myopia progression [25-29] .  
For years, different optical correction (monofocal, bifocal, progressive glasses, soft 
contact lenses with peripheral defocus, multifocal, rigid gas permeable (RGP) contact 
lens, bifocal RPG and orthokeratology lenses Reference needed and / or drugs (atropine 
at different concentrations 1.0%, 0.5%, 0.1% and 0.01%, cyclopentolate and pirenzepine) 
have been studied in controlling myopic progression [29-31]. The most effective optical 
method for myopia control [31] has been orthokeratology lenses [32-35] and soft contact 
lenses based on peripheral defocus [36, 37]. 
Orthokeratology (OK) is a technique for the temporary reduction of myopia by applying 
contact lenses overnight which reshape the corneal surface [38]. Swarbrick et al. found 
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that there are no significant changes in the posterior curvature of the cornea, only finding 
changes on  the anterior surface [39]. 
The corneal reshaping due to the OK lenses decreases the corneal asphericity and, in the 
case of myopia, its shape changes from being a prolate to oblate surface. This change 
increases the corneal and total high-order aberrations, with spherical aberration being the 
most affected [40-42] and if the lens is decentred, the coma also increases [43]. The 
increase in high-order aberrations depends on the pupil diameter, as the increase is  greater 
with higher pupils, and the amount of corrected myopia [41]. Goldstone et al. [44] in a 
retrospective study compared higher-order aberrations for 6-mm pupils induced by 
orthokeratology with those produced by LASIK in patients with comparable levels of 
myopia and observed that both treatments increase the higher order aberrations for 6-mm 
pupils, the spherical aberration being greater in the case of orthokeratology. Gifford et al. 
and Chen et al., observed that the total spherical aberration with the OK lenses does not 
change proportionally to the anterior corneal aberration and assumed that there is an 
ocular adaptation to minimize the increase in spherical aberration, which can be caused 
by the posterior aspect of the cornea or by the lens as a change in accommodative response 
[43, 45]. 
The relationship between accommodation and myopia [46, 47] has already been 
described. Different accommodative demands between the different refractive errors has 
been shown by McBrien and Millodot [48-50]. The underaccommodation which is still 
within the bounds of depth of focus is known as accommodative lag. Myopic patients 
presents larger lag of accommodation  compared with emmetropes or hyperopes [51]. 
According to different studies, an increase of accommodative lag in myopic patients could 
cause a peripheral hyperopic defocus, and consequently the increase in axial length and 
the progression of myopia [19, 52-58]. Unfortunately, the results of many studies 
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investigating various aspects of the accommodation response in different refraction 
groups have not provided a unified theory of the relationship between to date about lag 
accommodation and myopia progression  [59-61]. 
There have been a few studies investigating the changes of accommodative lag in OK 
contact lenses wearers [62-67], but there has been no consensus about the effect of OK 
on the accommodative response. Moreover, none of these studies assessed if the 
accommodative changes are accompanied by internal spherical aberration modifications. 
The main goal of this study is to evaluate the changes in the accommodative response and 
internal spherical aberration in myopic children who wear overnight orthokeratology 
lenses from baseline to three months. 
METHODS 
A prospective, randomized and longitudinal study has been performed. Fifty healthy 
subjects (30 female and 20 male) were recruited from the Optometry Clinic of the Faculty 
of Optics and Optometry (University Complutense of Madrid, Spain). Mean age was 
12.00 ± 2.53 years (range 8-17 years). Baseline spherical equivalent refractive error was 
-2.04 ± 2.06 D. Before beginning the study, the risks and benefits of the treatment were 
explained, and informed consent was obtained from all subjects (and their parents or 
guardians). Participants were free to leave the study at any time. The study was conducted 
in compliance with good clinical practice guidelines [68], institutional review board 
regulations and the tenets of the Declaration of Helsinki revised in 2013 [69]. Moreover, 
the study was approved by the Ethics committee of the Hospital Clinico San Carlos 
(Madrid, Spain).  
Inclusion criteria were: myopia in progression during the last year less than or equal to -
6.00 dioptres (D), astigmatism less than or equal to -2,50D and best spectacle-corrected 
visual acuity (BSCVA) of 20/25 or better. No previously ortho k lens wearers has been 
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included in this study. Exclusion criteria were history of ocular disease and diabetes 
mellitus. Contact lens wearers were asked to stop wearing their contact lenses one week 
before the day of examination. 
Subjects underwent a previous examination to assess ocular health and to exclude 
contraindications in the use of orthokeratology contact lenses. All measurements were 
performed by the same experienced examiner (L.B.). All subjects were fitted with 
Paragon CRT™ contact lens (Paragon Vision Sciences, Mesa, AZ) in HDS 100 material 
(paflufocon D, Dk = 100 barrer) according to manufacturer guidelines. When lenses were 
prescribed, instructions about the wearing schedule (to wear the lenses at least 6 hours 
during the night), application, removal, and care system were given to the subjects. 
Refraction without cycloplegia, high and low uncorrected visual acuity (UCVA) and best 
corrected visual acuity (BCVA), accommodative lag, horizontal near phoria without 
correction, corneal topography and corneal and total wavefront aberration were 
performed. All measurements were performed, at the same time each day for each subject, 
at baseline (PRE), 1 day (after the first night of lens wear), 1 week, 1 month and 3 months.  
Subjective refraction. 
The subjective refraction began with retinoscopy and the results were introduced into a 
phoropter and a fogging method was used for the subjective refraction. The objective was 
to find the maximum positive sphere with the BCVA. The astigmatism was adjusted by 
crossed cylinder technique. 
Visual Acuity 
UCVA and BCVA were determined monocularly in photopic luminance conditions (85 
cd/m2) using the ETDRS test form Chart Display VX24 (Visionix Ltd., Visionix-Luneau 
Technologies, Chartres, France) with high contrast (100%) and low contrast (10%) letters 
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at 4 meters. At baseline and in the follow-up, all subjects underwent monocular testing 
their best correction and without correction.  
Accommodative Lag  
After subjective refractive, Nott’s retinoscopy was performed with a metre rule and an 
ETDRS near chart (Precision Vision, La Salle, Illinois) at 40 cm positioned in front of 
the subject. The coefficient of repeatability and mean of difference for Nott’s retinoscopy 
was ± 0.66 D and -0.10 ± 0.33 D, respectively, being the Nott retinoscopy the most 
repeatable [70-72]. The subject should observe the test binocularly (line 20/40) with 
under moderate room illumination through the subjective refraction placed in a trial 
frame. The retinoscopy reflex was observed and in the case of inverse movement being 
detected, the observer moved closer to the eye until a neutral reflex was found. The result 
of accommodative response was measured in centimetres and converted to dioptres. The 
difference in dioptres between the position of the card and the exit pupil of the retinoscope 
when neutrality is observed was subtracted as 2.5D accommodative demand. A positive 
value indicated a lag of accommodation while a negative value indicated a lead of 
accommodation. 
Horizontal near phoria with Alternate Cover Test  
Monocular visual acuity was measured before testing to confirm that the patients had 
20/32 or better visual acuity at near. The alternate cover test (ACT) was performed at 40 
cm with the patients wearing their subjective refraction in a trial frame. The examiner 
instructed the patients to look at a near target with an overall size of approximately 20/40 
(Near Chart ETDRS, Good-Lite, Elgin, IL, U.S). First, the examiner determined whether 
the patient was orthophoric, eso, or exo with the cover paddle; after a prism bar was used 
to neutralize the movement of the right eye. The prism neutralization endpoint was 
recorded as the highest prism power that induced no movement before reversal of the 
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deviation. Exophoria has been annotated as negative values and esophoria as positive 
values. 
Wavefront aberrometry 
To determine the changes in higher order aberration (HOA’s), two devices were used: 
Oculus Pentacam system (Oculus, Wetzlar, Germany) to assess posterior corneal 
aberration changes and VX110 (Visionix Luneau, France) for anterior corneal and total 
aberration. The Oculus Pentacam system is a rotating Scheimpflug camera generating 
during its rotational measuring procedure 3-D images of the anterior segment of the eye. 
During 2 seconds, the camera rotates 180º and acquired 25 or 50 images that contain 500 
measurement points on the front and back corneal surface to draw a true elevation map. 
[73-75]The analysis of the anterior eye segment includes a calculation of different types 
of maps. Parameters mapped with Pentacam included flat keratometry (flat k), steep 
keratometry (steep k) and back corneal (CB) aberration. 
 
The VX110 is a multi-diagnostic platform that combines Hartmann–Shack based 
autorefraction and Placido-disk based corneal-topography. The Hartmann–Shack 
measures 1500 points in 0.2s in an area from 2.0mm2 to 7mm2. Parameters obtained with 
VX110 included corneal and total spherical aberration (Z12), corneal and total vertical 
and horizontal coma (Z7 and Z8) were analysed. 
All wavefront data from both devices were reported for a 5.0 mm pupil diameter measured 
up to the sixth Zernike order. During the present study spherical aberration (Z12), vertical 
and horizontal coma (Z7 and Z8) were evaluated and compared for all visits. 
 
Statistical analysis 
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Statistical analysis was performed using the SPSS Statistics 23 software (IBM, Chicago, 
Illinois, USA). For statistical analysis, only one eye of each patient was randomly selected 
for all variables, except lag of accommodation and horizontal near phoria. Sample size 
calculations were performed with statistical software Granmo 6.0 (Institut Municipal 
d’Investigació Mèdica, Barcelona, Spain). The normal distribution of the variables was 
assessed using the Saphiro-Wilk test. Statistical hypothesis testing was performed to 
compare the changes of lag of accommodation between before and after orthokeratology 
contact lens wearing. To analyze the differences between the baseline and the rest of 
visits, a Student t-test for related samples was used. To evaluate the trend of the different 
parameters tested during the study, Repeated Measures ANOVA test was performed. 
Furthermore, the degree of correlation between the different variables between the lag of 
accommodation at the baseline and the lag of accommodation difference between the 
baseline and 3-month visits was established with Pearson Correlation test. A statistical 
significance of 95% was established (p < 0.05). Results are shown as mean ± standard 
deviation. 
RESULTS 
Table 1 summarizes the mean values and standard deviation of different variables under 
study, during the baseline and follow up visits, as refraction, visual acuity, keratometry 
and near uncorrected phoria. In relation to refraction, the spherical equivalent showed a 
significant decrease on the first day of OK wearing, compared with the baseline (PRE) (p 
< 0.05; student-t test for paired samples). The final spherical equivalent was reached after 
one week of OK, remaining stable during the rest of the study and being very close to 
plano. Regarding keratometry readings, both flat and steep radii flattened out during the 
first week of OK wearing, becoming significant on the first day visit (p < 0.005; Student 
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t-test for paired samples) and experiencing no changes in the posterior visits. The change 
in both meridians was around 0.30 mm of flattening. 
 
The visual acuity was assessed with and without correction and also, in high and low 
contrast. The BCVA HC remained stable during all visits of the study (p > 0.05; Repeated 
Measures ANOVA test). However, BCVA LC was worse after the first night of wearing 
(1.5 lines less), slightly improving in the following visits but maintaining lower visual 
acuity (p < 0.05; Student t-test for paired samples). Regarding UDVA, both BCVA HC 
and BCVA LC showed an increase after one day of OK wearing, compared with the 
baseline (p  < 0.05; Student t-test for paired samples). In the case of UDVA, statistically 
similar values to BCVA were reached before OK wearing during the 3-month visit (p < 
0.05; Student t-test for paired samples). In contrast, the UDVA LC was lower during the 
OK wearing compared with BCVA LC before the treatment, being statistically significant 
(p > 0.05; Student t-test for paired samples). 
 
The horizontal near phoria was evaluated before and after 1 and 3 months of OK wearing. 
There were 25, 24 and 1 subjects who presented orthophoria, exophoria and esophoria, 
respectively. Analyzing the complete group of subjects, there were statistically significant 
differences (p < 0.05; student t-test for paired samples) between both follow-up visit and 
the baseline. However, no changes in horizontal near phoria at 1 and 3-month visits were 
found in the subject with orthophoria previous to wearing OK lenses. All the subjects 
continued with orthophoria during OK wearing. Meanwhile, 21 out of 24 subjects with 
exophoria at the baseline (6.48 ± 5.05 Δ) showed a deviation reduction of 3.55 ± 2.21 Δ, 
finishing with a horizontal near exophoria of 3.39 ± 4.91 Δ after three months of OK 
wearing, being statistically significant (p > 0.05; student t-test for paired samples). 
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In relation to lag of accommodation, all data have been summarized in Table 2. There 
was a lag of accommodation decreasing trend, being statistically significant, from the first 
day of OK wearing (p < 0.05; student t-test for paired samples), as shown in Fig. 1. Thirty-
seven out of fifty subjects (74%) showed a lag of accommodation decrease, whereas no 
changes or a slight lag of accommodation increase was found in only 13 out of 50 (26%) 
at 3 months of OK wearing. Moreover, a moderate correlation (0.50 > R2 > 0.70) between 
lag of accommodation at the baseline and the lag of accommodation difference between 
PRE and 3 months visit was found (p < 0.05; R= 0.748; Pearson correlation test). It means 
that subjects with higher lag of accommodation at the baseline will show greater 
decreasing lag of accommodation during orthokeratology wearing, as shown in Fig. 2. 
 
For better understanding lag of accommodation changes, the total group was divided into 
two subgroups: lag of accommodation changes group (n=37), being patients who showed 
less lag of accommodation during orthokeratology lens wearing and, lag of 
accommodation no changes group (n=13), being patients without changes in the lag of 
accommodation during orthokeratology lens wearing. Table 2 shows that the lag of 
accommodation decreasing in lag of accommodation changes group is higher than total 
group, as mean of 0.55 D (p < 0.05; student t-test for paired samples). However, in the 
lag of accommodation no-changes group the trend was to lag of accommodation 
increasing, being significant at 1 and 3 months of OK wearing (p < 0.05; student t-test for 
paired samples). Additionally, subjects of the lag of accommodation changes group 
showed higher lag of accommodation at the baseline visit than subjects of the lag of 
accommodation no-changes group, being statistically significant (p < 0.05; student t-test 
for paired samples).  
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Regarding high order aberrations, there was a significant 4th order spherical aberration 
increase of anterior corneal and total measurement from the first day of OK wearing, 
being statistically significant for all visits (Table 3. p < 0.05; student t-test for paired 
samples) (Fig. 3). In contrast, there were no changes for horizontal (Z7) and vertical (Z8) 
coma neither anterior cornea nor total aberrometry measurement (Table 4. p > 0.05; 
Repeated Measures ANOVA test).  
 
In addition, the internal spherical aberration (total – anterior corneal surface) showed a 
significant decrease, being -0.105 ± 0.006 ant baseline and -0.196 ± 0.203 at one week of 
Ok wearing, remaining stable in the following visits (Table 3. p < 0.05; student t-test for 
paired samples) (Fig. 3). To evaluate the source of this change (from posterior cornea or 
from lens), posterior corneal spherical aberration was measured with Pentacam. There 
were no differences between baseline and the follow up visits (p > 0.05; Repeated 
Measures ANOVA test), suggesting that changes in internal spherical aberration are 
mainly due to the lens. 
 
DISCUSSION  
The results show a lag of accommodation decrease from the baseline to the one-week 
visit. A moderate correlation between accommodation lag of accommodation at the 
baseline and the lag of accommodation difference between PRE and 3 months visit was 
found. It means that subjects with higher lag of accommodation at the baseline will show 
greater decrease in accommodative lag of accommodation. A Significant decrease in the 
internal spherical aberration was found; suggesting that changes in the internal spherical 
aberration are mainly produced by the lens. 
13 
 
Refractive correction with OK lenses is achieved by the flattening the central and thinning 
the mid-peripheral of the corneal epithelium [39, 76, 77]. In addition to the corneal 
flattening induced by OK lenses wear, the spherical equivalent refraction showed a 
significant decrease on the first day of use of OK lens, compared to the baseline (PRE) 
and this change was attributed to the change in corneal power [78, 79]. The final spherical 
equivalent refraction in this study was stable and very close to the plano after one week 
of OK wear, in accordance with other authors [79, 80]. 
The BCVA HC changes were stable during the treatment and at three months reached the 
same values as before with glasses [79, 81, 82]. However, the BCVA LC did not recover 
to the pre-treatment levels, getting worse after the first night of use (1.5 lines less). 
Maldonado Corina et al. [83], evaluated the high and low contrast  best-corrected visual 
acuity from baseline to seven days and no significant differences were found. The 
difference with this study could be attributed to the design of the OK lens used, as it could 
affect the overall size of the treatment zone and the low number of patients. It could be 
hypothesized that this may be one of the causes of the loss of visual quality during OK 
lenses wearing. Regarding UDVA high and low contrast, the last one showed a significant 
increase after one night when comparing with baseline [82] 
 
Regarding phoria changes during OK wearing, orthophoric subjects did not show 
changes, however, 21 of 24 exophoric subjects were less exophoric over the 3-month 
treatment than at baseline. This finding is in disagreement with Gifford [64] and Felipe-
Márquez [63], who have described that OK induces a short-term near exophoric trend. 
The main difference between both studies and the results presented in this study was the 
age range; this study was performed with children under 17 years old with mild to 
moderate myopia whilst in the other studies, they were adults. Moreover, the method used 
14 
 
was different. Measurement accuracy and different dissociation methods may play a 
crucial role in the comparisons of the different tests for the near-phoria [84]. The 
importance of these results lies in its potential relationship with myopia development. 
Children with myopia progression have shown a higher esophoria in close activities, an 
increase in accommodative lag of accommodation and greater variability in the 
accommodative response when compared to stable myopes [47, 64].  Therefore, more 
studies in this area are required. 
 
Studies have concluded that an increase in spherical aberration during orthokeratology 
treatment may explain the control effect of myopia progression, due to the change in the 
accommodative system [76, 85]. On the other hand, different studies have evaluated the 
changes in the accommodative response after the use of OK and there was no agreement 
over the results. A decreasing trend of lag of accommodation has been found in this study 
from the first day of OK wear, being statistically significant from the first week. These 
results were in line with those found by Gifford et al [86]., Ren et al. [87] and Han et. 
[65]. However, Felipe-Márquez et al. [62]  did not find changes during the first three 
months and three years of OK wearing. The results of the current study showed, in 74% 
of the subjects, a decrease in the lag of accommodation while Felipe-Marquez et al. did 
not find changes.  A possible reason for these differences could be in the age of the 
subjects or it could also be due to the methodology differences between the techniques of 
measuring the lag of accommodation [21, 71] or that Felipe-Márquez used two OK lens 
types. 
 
A moderated and significant correlation was found between lag of accommodation 
(baseline) and the difference between baseline and three months, in line with Tarrant [88], 
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indicating that subjects with higher lag of accommodation at the baseline will show a 
higher decrease lag of accommodation. To date, the mechanism used for orthokeratology 
to control the myopia progression has not been demonstrated. Some authors hypothesized 
about the changes in peripheral refraction [56, 89] and others, related the theory of 
accommodative response as a complementary mechanism to the peripheral refraction. An 
increase in accommodation could reduce the accommodative lag of accommodation [64, 
90]. The evidence of the present results of a lower change in the ocular spherical 
aberration compared to the corneal aberration and the increases of the accommodative 
response, support the second hypothesis. However, more studies are needed to 
demonstrate the potential influence of accommodative response in myopia progression.  
 
Corneal aberrations vary significantly with the use of OK lenses, increasing HOA. This 
is due to the anterior corneal reshaping and the fact of changing from a prolate to oblate 
surface [91]. OK has been shown to increase SA in the positive direction which could 
theoretically infer the reduction of the accommodative response [40, 43]. 
 
In the present study, all aberrometric changes in the cornea were obtained on the anterior 
surface and no significant aberrometric changes were found on the posterior surface 
during the first three months of OK wear. This shows that the posterior corneal surface 
seems to be unaffected by the OK lens and that corneal changes occur only on the anterior 
corneal surface, according to the results obtained by Swarbrick et al [39, 43, 92] and 
Tsukiyama et al [93]. However, Owens et al.[94] found a statistically significant 
flattening after the first week, probably due to a certain amount of corneal oedema. 
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However, the current study found that the corneal spherical aberration varied more than 
the total spherical aberration. As has been shown, there are no aberrometric changes on 
the posterior corneal surface, indicating that the difference found could be due to a 
modification of the lens. Some authors have described that changes in internal aberration 
causes an increase of the accommodative response and therefor a lag of accommodation 
reduction [43, 95]. However, in the current study it is not found a strong correlation 
between the internal aberration and the lag of accommodation. More studies, measuring 
both parameters with the same device could be needed.  Joslin et al [40], found that total 
SA varied significantly compared with corneal SA after one month of lens use. However, 
Chen et al. [45] found a significant increase in spherical corneal aberration and a 
proportional increase in part of the total aberration, which showed a stability of the 
internal spherical aberration.  
 
The main limitation of this study is the lack of control group. The study design was 
developed assuming that accommodation does not vary in a control group, fact found in 
previous studies[22, 63, 64, 66, 96]. It was considered more appropriate to compare the 
baseline (without orthokeratology lens wearing) with follow up visits (with 
orthokeratology lens wearing). Other limitations of this study were that the total and 
corneal aberrations were measured with different instruments, and it would be interesting 
to confirm these outcomes by measuring both spherical aberration with the same device. 
 
Studies have shown the HOA which had more change with the OK lens was SA (Z12), 
following vertical and horizontal coma (Z7 y Z8) [40, 43, 97]. Hiraoka et al. had 
concluded the increase in the  coma aberration indicated a decentration of the treatment 
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zone [41]. This study found that the vertical and horizontal coma did not change 
significantly, showing the lens had a proper centration [97].   
 
In summary, three out of four patients presented a decrease in lag of accommodation after 
the use of OK lenses.  In addition, the decrease in the accommodative response was 
greater in patients with a higher lag of accommodation at the baseline. A decrease in the 
internal spherical aberration was found, which together with the lag of accommodation 
change suggests an OK effect on the accommodative response.  
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FIGURE LEGENDS 
 
Fig. 1 Box and whiskers plot about lag of accommodation values at the different visits of 
the study. * p  < 0.05; student t-test for paired samples PRE vs. rest of visits; D: Diopters; 
PRE: baseline; 1D: one day; 1W; one week; 1M: one month; 3M: three months 
 
Fig. 2 Correlation of lag of accommodation pre-treatment and lag of accommodation 
difference between PRE and 3 months (Pearson correlation; p < 0.05; R= 0.748); D: 
Diopters 
 
Fig. 3 Difference of Corneal, internal and total 4th order spherical aberration changes 
during orthokeratology wearing at different visits. * for corneal aberration; ** for total 
aberration and *** for internal aberration: p  < 0.05; student t-test for paired samples PRE 
vs. rest of visits; PRE: baseline; 1D: one day; 1W; one week; 1M: one month; 3M: three 
months 
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